T
HERE have been many reports on the coexistence of polycystic kidney disease (PKD) and intracranial aneurysms since 1904 when Dunger 8 discussed the frequent association of these two conditions. The incidence of intracranial aneurysms in PKD series has been reported to be 17%, based on autopsy studies) Once rupture of the aneurysm has occurred in patients with PKD with severe renal dysfunction, the prognosis is poor. Therefore, it is reasonable to establish the diagnosis early, and to perform prophylactic surgery for these unruptured intracranial aneurysms.
Although the value of early diagnosis and early operation has been recognized, there have been very few series emphasizing the necessity of cerebral angiography for detecting unruptured intracranial aneurysms in patients with PKD. 4,1~ Furthermore, there has been no report of the use of angiography in the diagnosis of unruptured aneurysms in PKD patients. We have recently performed four-vessel angiography in a series of 17 patients with PKD so as to detect unruptured intracranial aneurysms. This paper presents our findings.
Clinical Material and Methods
The diagnosis of PKD was made in 17 patients from 10 different families. These patients had no neurological deficit and no history of subarachnoid hemorrhage (SAH). Four-vessel angiography was performed in these patients over a 1-year period from August, 1981, to August, 1982. There were seven males and 10 females, ranging in age from 32 to 66 years, with an average age of 42 years.
Computerized tomography (CT) was used in the diagnosis of PKD, being a noninvasive method with a high level of accuracy compared to other modalities. ACT scan was ordered for four patients with abdominal pain and two with hematuria. The other 11 patients underwent CT scanning for detection of PKD because they had siblings with polycystic kidneys. The patients were examined for hypertension and renal dysfunction. Hypertension was defined as a blood Table 1. pressure o f greater than 160/95 m m Hg; renal dysfunction was considered to be present when the blood urea nitrogen was greater than 20 m g / d l and the serum creatinine level was greater than 2.0 mg/dl.
During the course o f this study, abdominal C T scanning was performed in 36 other patients with ruptured intracranial aneurysms to determine if P K D was present.
Results
O f the 17 patients with PKD, unruptured aneurysms were discovered in seven (41.2%). In two patients the aneurysms were located on the internal carotid-posterior communicating artery (ICA-PCoA), in three on the middle cerebral artery, in one on the distal anterior cerebral artery, and in one patient there were multiple aneurysms, with involvement o f the I C A -P C o A and basilar-superior cerebellar artery. Five o f these seven patients were operated on for treatment o f their unruptured aneurysms, with no mortality or morbidity. The operative procedure consisted to clipping in three cases and muscle wrapping in two. The other two patients had hypertension and were not operated on. Details o f these seven cases are summarized in Table 1 .
A m o n g nine patients with hypertension there were two cases with aneurysm (22.2%), and a m o n g eight non-hypertensive patients there were five cases with aneurysm (62.5%) ( Table 2 ). In addition, infundibular dilatation was observed in six o f these 17 cases. Polycystic kidney disease was diagnosed by abdominal C T in two o f the 36 other patients who were operated on for ruptured intracranial aneurysms during the same period (Table 3) .
Discussion
M a n y definitions o f P K D have been proposed, but the classification o f Osathanondh and Potter 1~ has been adopted in this study. Adult P K D is often confused with other forms. We have chosen to call the adult-type o f the disease (Potter type 3) simply "polycystic kidney disease" in this series. In patients suffering PKD, the kidneys are massively enlarged by numerous cysts (Fig. 1) . Cysts are sometimes observed in the liver, pancreas, lung, or spleen. 7 The disease is transmitted as an autosomal dominant trait 6 (Fig. 2) . The incidence o f P K D in autopsy series was reported by Brown 5 to be 0.3%. Polycystic kidney disease is diagnosed in about one o f every 3000 patients, and accounts for 5% o f the hemodialysis population2 Symptoms first occur in most of the symptomatic patients at the age of 35 to 50 years? ~ There have been many reports regarding the familial occurrence of intracranial aneurysms. Some authors have attributed this phenomenon to heredity, a but in many cases the finding of intracranial aneurysms among family members was fortuitous. 13 There are three disorders noted to be frequently associated with intracranial aneurysms: coarctation of the aorta, 12 Ehlers-Danlos syndrome, 16 and PKD. The coexistence of intracranial aneurysms and PKD has been described in numerous reports since Dunger published his account of the association of these two lesions in 1904. 8 The first case was reported by Borelius in 1901. 2 The incidence of intracranial aneurysms in PKD series has been variously reported as 7.3%, 17 16 .6%, 5 and 16.5% 1 (Table 4 ). These findings were based on autopsy studies. Brihaye and Toppet, 4 and Hatfield and Pfister 1~ recommended that all patients with PKD undergo cerebral angiography. Brackett and Morantz 3 recommended early diagnosis and early operation for patients with PKD. However, the incidence of intracranial aneurysms in PKD patients who underwent cerebral angiography has not been described previously. Ours is the first report of this kind that we know of.
In our present series of 17 patients, the incidence of unruptured aneurysms was 41.2% in the patients with PKD and no history of SAH (Table 4 ). This incidence might be excessive, partly because of the small number of cases. Also, the higher incidence might be attributed to the fact that the small aneurysms which are often overlooked in autopsies can be detected by cerebral angiography. Some authors stated the difficulty in finding unruptured aneurysms or small aneurysms in autopsy specimensfi 7 In addition, racial difference should be considered in accounting for the marked disparity in incidence between our series and those reported previously.
The connection between PKD and intracranial aneurysms has been the subject of controversy. Con- genital factors are emphasized by some, 5 whereas others have proposed that the hypertension that accompanies PKD may result in aneurysm formation. 2~ In this series, hypertension was noted in two of seven patients with unruptured aneurysms (28.6%). A comparison of cases with and without hypertension (Table  2) suggests that the coexistence of PKD and intracranial aneurysms might not be attributable to the concomitant hypertension. Consequently, the coexistence of these lesions might be due to congenital factors.
Once SAH has occurred, some patients suffer chronic renal failure, requiring hemodialysis due to blood volume reduction to the kidneys or due to the damage caused by hyperosmotic agents. The average age at death in PKD is 73.0 years in asymptomatic patients, 51.8 years in symptomatic patients, and 46.7 years in patients with intracranial aneurysms. 1~
In the case of an unruptured aneurysm with no surgical treatment, the risk of SAH is 11.5% during a 10-year follow-up period, with a 6.6% incidence of mortality, according to a report by Heiskanen. 11 There was a 10% incidence of mortality during a 5-year period in the series of Mount and Brisman.14 S alazarlS reported no deaths among 29 patients operated on for unruptured intracranial aneurysms. Likewise, we experienced no mortality or morbidity in our series, in which 12 unruptured aneurysms were operated on, including the five associated with PKD.
We used CT scanning for screening of PKD because of its accuracy and noninvasiveness: CT can detect very small cysts (1 cm or less). 19 Excretory urography, on the other hand, was reported to confirm the diagnosis in only 47% of cases in a series of patients with PKD. 21 In the management of patients with PKD, it is important not to lower the blood pressure too greatly and not to administer hyperosmotic agents (such as mannitol or glycerol) excessively. Early detection and operation are indicated for the patient with PKD and unruptured intracranial aneurysm.
In this series, a 5.6% incidence of PKD among aneurysm patients (two of 36 patients) was approximately the same as the 3.1% incidence in the series of Sahs and Meyers, 17 4.4% in the series of Brown, 5 and 6.4% in the series reported by Bigelow. 1
